Bemisia tabaci by the semi-persistent mode. It has not yet been assigned to a specific genus or family. Ultramicroscopic observations revealed numerous cylindrical cytoplasmic inclusions in melon and cucumber cells infected by CVYV isolates from Israel and Jordan. Depending on the section orientation, the inclusions appeared as pinwheels or as bundles. In addition, a 1n9 kb DNA fragment was amplified by RT-PCR from CVYV-infected plant extracts using primers designed to detect all potyvirids. Sequence comparisons with the amplified fragment indicated that CVYV is more closely related to Sweet potato mild mottle virus than to any other virus in the family Potyviridae. These results suggest that CVYV can be considered as a tentative new member of the genus Ipomovirus, family Potyviridae.
Cucumber vein yellowing virus (CVYV) is widespread in cucurbits in the Middle East. CVYV has filamentous particles and is transmitted by
Bemisia tabaci by the semi-persistent mode. It has not yet been assigned to a specific genus or family. Ultramicroscopic observations revealed numerous cylindrical cytoplasmic inclusions in melon and cucumber cells infected by CVYV isolates from Israel and Jordan. Depending on the section orientation, the inclusions appeared as pinwheels or as bundles. In addition, a 1n9 kb DNA fragment was amplified by RT-PCR from CVYV-infected plant extracts using primers designed to detect all potyvirids. Sequence comparisons with the amplified fragment indicated that CVYV is more closely related to Sweet potato mild mottle virus than to any other virus in the family Potyviridae. These results suggest that CVYV can be considered as a tentative new member of the genus Ipomovirus, family Potyviridae.
Cucumber vein yellowing virus (CVYV) causes a severe disease of cucumbers and other cucurbits in the Oriental Mediterranean Basin (Cohen & Nitzany, 1960 ; Harpaz & Cohen, 1965 ; Al-Musa et al., 1985 ; Yilmaz et al., 1989) . CVYV is reported to have rod-shaped particles, 740-800 nm long with a diameter of 15-18 nm (Sela et al., 1980) . The virus is readily transmitted mechanically and by the whitefly Bemisia tabaci by the semi-persistent mode (Harpaz & Cohen, 1965 ; Mansour & Al-Musa, 1993) . Due to the instability of CVYV particles, difficulties have been encountered in obtaining purified virus preparations (Sela et al., 1980 ; Mansour & Hadidi, 1999) ; therefore, very little is known of the biophysical Author for correspondence : Herve! Lecoq.
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and biochemical properties of CVYV and the virus is still unclassified (Brunt et al., 1996 ; Lecoq et al., 1998) . However, Sela et al. (1980) have reported that the CVYV coat protein (CP) has a molecular mass of 39 kDa and that the viral nucleic acid is a double-stranded DNA, suggesting that CVYV could be a member of a new virus family.
In order to investigate the taxonomic position of CVYV further, cytopathological, serological and molecular studies were conducted. Cucumber (Cucumis sativus cv. Beit Alfa) and melon (Cucumis melo cv. Ve! drantais) plants were inoculated mechanically with the CVYV type strain from Israel (CVYVIsr) or with a CVYV isolate from Jordan (CVYV-Jor) and were kept subsequently in independent screened cages maintained in an insect-proof greenhouse. The two strains induced similar vein-clearing symptoms in cucumber and melon, but CVYVJor caused a more severe stunting in cucumber.
For cytological studies, leaf pieces 1 mm across were collected from symptomatic young leaves 3-4 weeks after inoculation and similar samples from healthy plants were used as controls. Samples were fixed with glutaraldehyde, post-fixed with osmium tetroxide and embedded in araldite CY212 (Agar Scientific) (Dele! colle, 1978) . Thin sections were cut with a diamond knife by using an Ultracut E ultramicrotome (ReichertJung). Thin sections were stained in 5 % uranyl acetate and lead acetate, pH 12, before observations. Numerous cylindrical cytoplasmic inclusions were observed in CVYV-Isr-and CVYV-Jor-infected melon and cucumber cells. Depending on the section orientation, inclusions appeared as pinwheels (Fig. 1 a, c) or as bundles ( Fig.  1 b, c) . Cylindrical inclusions were occasionally observed at the cell periphery, one end being associated with the plasmalemma perpendicular to the cell wall ( Fig. 1 b) . Cylindrical cytoplasmic inclusions are associated specifically with infections by virus species belonging to the family Potyviridae (Shukla et al., 1994 ; Edwardson & Christie, 1996) . Numerous vesicles were also observed in the cytoplasm, sometimes associated with the cylindrical inclusions (Fig. 1 c) . Increased vesiculation is also a feature commonly associated with infections by potyvirids (Shukla et al., 1994) . Only a few scattered virus particles were observed, generally close to the cylindrical inclusions. Neither cylindrical cytoplasmic inclusions nor numerous vesicles were observed in healthy plant samples.
The cytological observations outlined above suggest that a virus belonging to the family Potyviridae was present in tissue infected by CVYV-Isr and CVYV-Jor. To rule out the possibility that an aphid-borne potyvirus was contaminating the CVYV cultures, three series of experiments were conducted. CVYV-infected cucumber and melon plant extracts were tested in double-antibody sandwich (DAS)-ELISA with antisera raised against the five most common potyviruses encountered in cucurbits in the Mediterranean region (Lecoq et al., 1998) In addition, CVYV-infected plant extracts did not react in antigen-trapped indirect ELISA with monoclonal antibody PTY 1, which detects most aphid-transmitted potyviruses but which does not detect potyvirids transmitted by other vectors with the exception of Ryegrass mosaic virus (RGMV) (Jordan, 1992 ; Richter et al., 1995) (data not shown). Finally, attempts to transmit CVYV-Isr and CVYV-Jor by the aphid Myzus persicae by the non-persistent mode were unsuccessful (data not shown).
Further experiments were conducted with the ' potyvirid ' primers designed by Gibbs & Mackenzie (1997) , which are able to amplify genome fragments of aphid-, mite-, fungus-and whitefly-transmitted potyvirids. Total RNA was extracted CVYV, a whitefly-transmitted potyvirid CVYV, a whitefly-transmitted potyvirid from 50 mg infected, symptomatic young cucumber or melon leaves with TRI-Reagent (Molecular Research Center), resuspended in 20 µl DEPC-treated H # O and heated for 5 min at 65 mC prior to reverse transcription. Reverse transcription and PCR were performed following a procedure derived from Gibbs & Mackenzie (1997) . cDNA was synthesized from 15 % of the total RNA in a 20 µl reaction mixture using the Promega cDNA synthesis protocol and 1 µM of a primer derived from ' potyvirid ' primer 1 of Gibbs & Mackenzie (1997) , Poty(dT)3h (5h CACGGATCCTTTTTTTTTTTTTTTTTV 3h). DNA encoding the 3h part of the viral genome was amplified in 25 µl of the PCR mixture described by Gibbs & Mackenzie (1997) TCCGGBAAYAAYAGYGGDCARCC 3h) were used for amplification. PCR cycles were performed as described by Gibbs & Mackenzie (1997) in a PEC2400 thermocycler (Perkin Elmer). A 1n9 kb fragment was amplified from CVYV-Isr-and CVYV-Jor-infected cucumber or melon extracts but not from extracts of healthy cucumber or melon plants.
The 1n9 kb fragment amplified from CVYV-Isr-infected plant tissue was ligated into a linearized and T-tailed pBlueScript plasmid (Stratagene). Plasmid DNA was purified from Escherichia coli DH10B and sent for double-strand sequencing to Genome Express (Grenoble, France). At least two sequence readings were obtained for each nucleotide. The deduced amino acid sequence of CYVY-Isr was compared to sequences in the GenBank database by using the FASTA procedure of Pearson & Lipman (1988) . Sequence alignments and distance matrices were obtained with CLUSTAL W (Thompson et al., 1994) . A PAM Dayhoff matrix was used to calculate distance trees with the NEIGHBOR algorithm of the PHYLIP package (Felsenstein, 1989) . Graphics were generated for the unrooted distance tree with the TreeView application (Page, 1996) .
The deduced amino acid sequence of CVYV was aligned with sequences from other potyvirids belonging to the whitefly-transmitted genus Ipomovirus (Sweet potato mild mottle virus, SPMMV), the aphid-transmitted genera Potyvirus [Potato virus Y (PVY) and ZYMV] and Macluravirus (Maclura mosaic virus, MacMV), the fungus-transmitted genus Bymovirus (Barley yellow mosaic virus, BaYMV) and the mite-transmitted genera Rymovirus (Agropyron mosaic virus, AgMV) and Tritimovirus (Wheat streak mosaic virus, WSMV). An unrooted tree was obtained using the amino acid sequences of the core of the CP of these potyvirids and those of Barley mild mosaic virus (BaMMV), Brome streak mosaic virus (BSMV), Narcissus latent virus (NLV), PRSV, RGMV, Sweet potato feathery mottle virus (SPFMV), Turnip mosaic virus (TuMV) and WMV.
The amplified fragment contained the 3h part of the CVYV genome, including the C-terminal part of the polymerase (NIb) coding region, the CP coding region and the 3h non-coding extremity. Sequence comparison with virus databases showed that CVYV-Isr exhibited 43 % amino acid sequence identity to the Ipomovirus SPMMV, while the identity to other potyvirids did not exceed 32 % for tritimoviruses and 27 % for potyviruses. No significant sequence identity was observed outside the family Potyviridae. Fig. 2 presents the CLUSTAL W alignment of the C-terminal 559 amino acids of CVYV-Isr with the corresponding parts of seven potyvirids representing the six genera included in this family. The NIb-CP cleavage site and the limit of the variable N-terminal part of CP were determined approximately by sequence comparisons and are underlined in Fig. 2 . The DAG triplet conserved in the Nterminal part of the CP of most aphid-transmitted potyviruses was not present in the sequence of the putative CVYV CP. However, two amino acids that are highly conserved among potyvirids in the core of the CP and involved in virion assembly (Jacquet et al., 1998) , R%%* and D%*%, were present in the sequence of CVYV-Isr.
An unrooted tree obtained by the neighbour-joining method with the amino acid sequences of the core CP of 16 potyvirids is shown in Fig. 3 . Six sequence clusters were obtained, concurrent with the classification of the Potyviridae. CVYV-Isr appeared to belong to the same cluster as SPMMV ; this group is more closely related to Tritimovirus than to Potyvirus, Rymovirus or Bymovirus.
Our attempts to obtain preparations of CVYV-Isr or CVYV-Jor that were sufficiently pure to allow an unequivocal determination of the composition of the viral nucleic acid failed. This is probably due to the very labile nature of the virions (Sela et al., 1980 ; Mansour & Hadidi, 1999) . However, the obtention of a 1n9 kb DNA fragment by using the ' potyvirid ' primers (Gibbs & Mackenzie, 1997) through RT-PCR but not through direct PCR with total nucleic acid extracts from infected plants (data not shown) strongly suggests that the CVYV nucleic acid is RNA, rather than double-stranded DNA as determined by Sela et al. (1980) . The numerous cylindrical cytoplasmic inclusions observed in CVYV-infected plants clearly associate this virus with the family Potyviridae. Indeed, these inclusions have been accepted for over 25 years as an intrinsic and characteristic feature of the former group Potyvirus, which is now the family Potyviridae (Shukla et al., 1994) . Sequence data further confirmed that CVYV is more closely related to the family Potyviridae than to any other known virus family. The molecular grouping with SPMMV revealed by the unrooted distance tree (Fig. 3) and similarities in their biological properties (transmission by the whitefly Bemisia tabaci) strongly support the suggestion that CCJC CVYV, a whitefly-transmitted potyvirid CVYV, a whitefly-transmitted potyvirid CVYV should be considered as a tentative member of the genus Ipomovirus (Pringle, 1999) . However, in DAS-ELISA, CVYV-Isr-and CVYV-Jor-infected plant extracts did not react with an antiserum against SPMMV kindly provided by J. Vetten (BBA, Braunschweig, Germany). The absence of serological relationships and the low percentage of amino acid identity (46 %) in the core part of the CP between CVYV and SPMMV suggest that these two viruses should be considered as distinct species (Shukla et al., 1994) . Recently, a whiteflytransmitted potyvirid that infected squash was described in the Sultanate of Oman (Zouba et al., 1998) . Whether this virus is distinct from or a strain of CVYV is not known. However, this finding indicates that tentative ipomoviruses along with other whitefly-borne viruses (criniviruses and geminiviruses) constitute a major component of the complex pathosystem affecting cucurbit crops in the Mediterranean and subtropical regions (Lecoq et al., 1998) .
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